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摘 要
泡状棘球蚴病(Alveolar Echinococcosis，AE)是由棘球绦虫属的多房棘球绦虫
(Echinococcus multilocularis)幼虫（称作泡状棘球蚴或泡球蚴）寄生所致的人畜共
患寄生虫病，该病被认为是最致命的蠕虫感染病。生发细胞是泡状棘球蚴生长发
育侵袭转移的重要基础，是泡状棘球蚴体内唯一可以增殖的细胞。生发细胞的增
殖是一个严格调控、高度有序的过程。而极光激酶 Aurora 是有丝分裂的重要调
控因子，参与中心体的成熟、纺锤体的建立以及染色体的正常分离、胞质分离。
通过对泡状棘球蚴基因组的序列比对分析发现，泡状棘球蚴存在两个编码
Aurora 的同源基因，暂将其命名为 EmAurora A 和 EmAurora B；通过分子克隆技
术扩增 EmAurora 全长编码序列，对其基因结构、功能结构域、蛋白质三级结构
等进行分析发现，EmAurora A 和 EmAurora B 的激酶功能域氨基酸序列高度保
守，且分别与哺乳动物的 Aurora A 和 Aurora B有相似的三级结构。
通过RT-PCR和Western blot 对泡状棘球蚴EmAurora 的mRNA和蛋白表达
情况做了检测分析，实验结果表明 EmAurora 在泡状棘球蚴原头节和泡囊的生长
发育过程中持续表达。
将野生型 EmAurora 重组进 pcDNA3.3-HA 载体中，并同时构建突变体，将
激酶功能域 RxT motif 中的苏氨酸 T 突变为丙氨酸 A，分别转染 293T细胞，提
取细胞蛋白并利用免疫沉淀法获得目的蛋白，通过体外激酶实验分析 EmAurora
对底物组蛋白 H3的磷酸化水平的影响。Western blot结果显示，野生型激酶可磷
酸化组蛋白 H3，突变型激酶几乎不具备磷酸化组蛋白 H3 的能力，表明该激酶
具有磷酸化组蛋白 H3底物功能，且 RxT motif是其激酶功能必须的。
随后利用 Aurora 抑制剂 VX680、MLN8024、AZD1152处理泡状棘球蚴，结
果发现 Aurora 抑制剂不能显著影响泡状棘球蚴泡囊和原头节的存活，但是可以
显著抑制泡囊生长和原头节的发育成囊过程。进一步通过 EdU和 DAPI染色发
现，Aurora 抑制剂可有效抑制泡状棘球蚴生发细胞的增殖，可使生发细胞形成多
倍体。
这些研究结果表明，EmAurora A和 EmAurora B参与调控泡状棘球蚴生发细
胞的有丝分裂过程，继而影响泡状棘球蚴的生长发育，有可能成为治疗泡状棘球
蚴病的新的药物靶点。
厦
门
大
学
博
硕
士
论
文
摘
要
库
摘 要
2
关键词：泡状棘球蚴；极光激酶；体外激酶实验；免疫定位
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Abstract
Alveolar echinococcosis (AE) is a zoonotic parasitic disease caused by the
metacestode larvae of Echinococcus multilocularis , which is considered to be the
most lethal helminthic disease. The germinative cells are the basis of the growth and
development of the larvae of E. multilocularis, and are the only cells which can
proliferate. Cell mitosis is a strictly regulatory and highly ordered process. Aurora
kinasesare important regulators of mitosis. They are involved in the maturation of the
centrosome, the establishment of the spindle and the normal separation of
chromosome and cytoplasm.
By searching the genome database of E.multilocularis,we found that there were two
Aurora kinase homologous, which were named EmAurora A and EmAurora B. The
full-length coding sequences ofE.multilocularis Aurorahomologouswere amplified by
molecular cloning technology, and the gene structure , functional domain, and protein
tertiary structure were analyzed. The results showed that the amino acid sequences of
EmAurora A and EmAurora B were highly conserved and that they exibited similar
tertiary structure with mammalian Aurora A and Aurora B, respectively.
The protein and mRNA expression of EmAurora in the larvae of E.multilocularis
were detected by Western blot and RT-PCR. The results showed that EmAurora are
constitutively expressed in the protoscoleces and vesicles.
The wild type EmAurora A and EmAurora B were recombined into
pcDNA3.3-HA vectors and the mutant were constructed in which the threonine（T）in
the kinase domain RxT motif was mutated into alanine（A）and were transfected into
293T cells respectly, Cell proteins were extracted and the target proteins were
obtained using Immunoprecipitation. The effect of EmAurora on phosphorylation of
histone H3 was analyzed by the vitro kinase assay. The result showed that wild-type
kinase could phosphorylate histone H3 while mutant kinase had almost no ability to
phosphorylate H3,which indicated that the kinases could hadphosphorylate substrate
histone H3and the RxT motif was required for kinase functions.
Subsequently, the Aurora inhibitors VX680, MLN8024, AZD1152 were used to
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treat the metacestode larvae of E.multilocularis . The results showed that Aurora
inhibitors did not significantly affect the survival of the vesicles andprotoscoleces ,
but it could significantly inhibit the growth of the vesicle and the development of the
protoscoleces. Further analysis by EdU and DAPI stainning revealed showed that
Aurora’s inhibitors could effectively inhibit the proliferation ofE.multilocularis
germinative cells and could also result in polyploidy cells.
These results suggest that EmAurora A and EmAurora B are involved in the
mitotic process of germinative cells of E.multilocularis,and are potencial new drug
targets for the treatment of alveolar echinococcosis.
Key words: Echinococcus multicularis; Aurora kinase; In vitro kinase
assay;Immunopotentiometry
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第一章 前言
1 泡状棘球蚴与泡状棘球蚴病
1.1泡状棘球蚴概述及生活史
泡状棘球蚴（Echinococcus multilocularis，Em）隶属扁形动物门绦虫纲（Class
Cestoda）圆叶目（Cyclophyllidea）带科（Taeniidae）棘球属（Echinococcus），
是引发人兽共患病的四大棘球绦虫之一[1, 2]。又称多房棘球绦虫、泡状棘球蚴、
泡型包虫。主要分布于北美、欧、亚三大洲的北半球高纬度的寒冷地区或冻土地
带。泡状棘球蚴的生活史分为虫卵、六钩蚴、棘球囊、成虫四个发育阶段[3]。
泡状棘球蚴虫卵呈圆形或椭圆形，黄色，胚膜呈现放射状条纹，其形态和大
小均与其它绦虫难以区别。发育成熟的虫卵在小肠内孵出六钩蚴并通过血液运输
侵入肝脏，发育为泡状棘球蚴。
泡状棘球蚴的棘球囊又叫做泡状棘球蚴，呈球形，为聚集成群的淡黄色或白
色的小泡囊，大小形状不一，多为椭圆形或圆形，直径大小为 0.1~0.7cm。囊壁
分为内层的生发膜与外层的匀质层，生发膜富含细胞，增生活跃，产生胚芽与原
头节。匀质层内无细胞，不含角蛋白。囊腔内含黏稠胶质样液体，清亮或微黄，
内含虫体蛋白，并具有较强的抗原性。囊腔内含的有形结构包括原头蚴（又称原
头节）、生发囊、子囊。原头蚴椭圆形，似内陷的头节，有 4个吸盘及小钩。生
发囊胚层包绕十余个原头节。子囊与母囊结构相似，大小不等。但人是其非适宜
宿主，故泡状棘球蚴囊腔内通常不含原头节。整个泡状棘球蚴与宿主组织间无纤
维组织被膜分隔。
成虫外形虫体很小，长仅为 1.2～3.7mm，平均 2.13mm，头节、顶突、小
钩和吸盘等都相应偏小，顶突小钩为 13～34个。虫体常有 4～5个节片。成节生
殖孔位于节片中线偏前，睾丸数较少，为 26～36 个，都分布在生殖孔后方。孕
节子宫为简单的囊状，无侧囊，内含虫卵 187～404个。
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图 1.1 泡状棘球蚴生活史示意图(引自陈佩惠)
Fig1.1 Life cycle of Echinococcus multicularia（From Chen Peihui, 199
1）
1.2泡状棘球蚴病
泡状棘球蚴病又称泡球蚴病，是由多房棘球绦虫中绦期的幼虫（也称泡球蚴）
引起的一种严重危害人类健康的人兽共患寄生虫病[4, 5]。泡型包虫病的地理分布
遍及北美、欧、亚三大洲的北半球高纬度的寒冷地区或冻土地带，包括欧洲的法
国、东欧、德国、俄罗斯欧洲部分、西伯利亚远东、日本北部、北美阿拉斯加、
加拿大、美国北部等诸地区[6]。在我国主要流行于新疆、宁夏、甘肃、青海、内
蒙、西藏、陕西和四川西部等畜牧地区，是我国西部严重危害农牧民健康的疾病，
在其他地区也偶有病例发生[7, 8]，多房棘球蚴主要寄生在野生啮齿类动物如田鼠、
仓鼠、棉鼠以及褐家鼠体内。常见的终宿主是狐，其次是狗、狼、獾和猫等。在
我国见于报道的还有小家鼠、鼢鼠、长爪沙鼠、黄鼠、鼠兔以及牦牛、绵羊等。
寄生部位主要是肝，还可以转移至肺、脑。
泡状棘球蚴以外殖性芽生繁殖为主，母囊的生发膜通过匀质层向外突出，芽
生增生，产生新囊泡，即子囊泡与孙囊泡等无限制地增生，一般 1～2年即可使
被寄生的器官几乎全部被大小囊泡占据，进而破坏肝实质[9]。囊泡也可向囊腔内
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